The circadian cycle in all-out competitive performance may be due to changes in motivational drive to tolerate strenuous exercise rather than to rhythms in maximal physiological functions. This experiment explored the hypothesis that a fixed relative loading of high intensity aerobic effort could be sustained for longer in the evening compared with the early morning. Eight females cycled to exhaustion at 95% V02 max at 06.30 h. and at 22.00 h. after a 5 min. moderate load of 40% V02 max. Oral temperature was 0.40C higher at 22.00 h. compared with the earlier time.
INTRODUCTION
As shown in our paper on swimming (Reilly and Baxter, 1983) all-out exercise performance tends to exhibit a circadian rhythm closely in phase with that of body temperature. The fluctuations in performance do not seem to be accompanied by changes in aerobic power or muscular efficiency (Reilly and Brooks, 1982) . As maximal aerobic power output cannot be sustained for long, the circadian rhythm in performance may be because of a willingness to withstand set near-maximal loadings for longer at the optimal time of day for exercise. In that case the effect of the time of day on exercise performance may have a more immediate motivational rather than metabolic explanation and this provided the rationale for the present study.
It was hypothesised that subjects are reluctant to exercise at a given strenuous level for as long at the time of day when body temperature is low compared with the performance time when body temperature is near the peak of its circadian curve. A more acute subjective reaction to exercise at the former time was predicted. Borg (1970) in the fourth minute of this work load. Subjects continued cycling as the exercise intensity was elevated to 95% of V02 max in ramp fashion at a rate of 3.66% V02 max si'. This severity was selected in anticipation that it could be sustained for a duration approximately similar to a 400 m. swim time. Time to exhaustion on the 95% V02 max work load was determined at the point the subject was unable to continue pedalling: perceived exertion was again rated near this point. Total work performed was calculated from the power output which was pre-set, and the time from commencing exercise to reaching exhaustion.
METHODS
Oral temperature was determined pre-exercise by means of a mercury thermometer placed sub-lingually for 3 min. Two 20 il finger tip capillary blood samples were obtained 3 min. post-exercise for lactate determination by an enzymatic method (Bergmeyer, 1974 Table 11 . Significant time of day effects were found for pre-start oral temperature and peak lactate production, being 0.4CC and 1.7 mM higher in the evening respectively. The variance among subjects was non-significant for all variables. Mean time to exhaustion was 68% longer in the evening though the result was significant only when non-parametric analysis was performed (p = 0.05). Similarly, the total work done was 41% greater in the evening, a result significant only for the sign test (p = 0.05).
The single subject capable of exercising for longer in the morning was also the one exception producing higher lactate levels at that time.
Time to exhaustion was not significantly correlated with peak lactate (r = 0.14). A significant correlation (r = -0.77) was found between the rating of perceived exertion at 95% V02 max and endurance time. A correlation coefficient of 0.75 was obtained for ratings of perceived exertion at the 40% and 95% V02 max work loads, but mean values did not vary significantly between times of day for either of these work intensities.
DISCUSSION
The experimental findings offer some support for the concept of a motivational component affecting strenuous exercise performance differentially according to the time of day. Contrary to expectations the perceived exertion did not seem to be a limiting factor as it was constant with time of day at each of the work loads studied. Recent reports of a circadian rhythm in the subjective reaction to exercise included ratings associated with a given heart rate when power output may not have been constant (Faria and Drummond, 1982) ; and ratings during bouts of light work repeated every 4 h. (Reilly and Young, 1982) exertion fits a drive theory interpretation of findings rather than an arousal model (Martens, 1974) , subjects being better prepared to tolerate a fixed level of subjective discomfort at that time.
Individual tolerance to blood lactate levels cannot account for the variation in performance time between the morning and evening since no significant relationship was observed between these two variables. The higher lactate levels in the evening were probably attributable to the greater amount of work performed, though the existence of a circadian rhythm in anaerobic capacity cannot be excluded. The significant negative correlation between perceived exertion and endurance time was because the more capable individuals sustained the exercise test at a lower rating of exertion than their less fit counterparts who showed greater subjective distress at exhaustion and desisted earlier.
The findings have to be treated tentatively because of the size of the sample used and the confinement of significant results to the non-parametric test. They suggest that a fixed intensity of hard exercise may be tolerated for longer at the time of day when body temperature is high. A possible implication is that vigorous training sessions may be more effective when conducted in the evening rather than early morning, because more work may be performed at that time before voluntary exhaustion occurs. The question of the causal mechanisms involved and the question of transfer of the greater exercise tolerance time to training conditions remain to be addressed.
